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@ Methad for preparing syndiotactic poly (alpha-olefin).

©® A method for preparing a syndiotactic poly(a-
olefin) which comprises the step of polymerizing a-
olefin in the presence of a catalyst consisting sub-
stantially of a transition metal compound having
asymmetric ligands, an aluminoxane and a trial-
kylaluminum having an alkyl group of 2 to 12 carbon
atoms, a molar ratio of the transition metal com-
pound having the asymmetric ligands to the al-
uminoxane being from 1:10 to 1:500, a molar ratio of
the transition metal compound having the asymmet-
ric ligands to the trialkylaluminum being from: 1:500
to 1:5000.
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BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method for
preparing a poly(a-olefin) having a syndiotactic
structure. More specifically, it relates to a method
for preparing a poly{a-olefin) by the use of a cata-
lytic system in ‘which a relatively small amount of
an expensive aluminoxane is used.

(b) Description of th_a Related &

A syndiotactic polypropylene has been known
for a long period of time. Such a polypropylene is
prepared by polymerization at a low temperature in
the presence of a conventional catalyst comprising
a vanadium compound, an ether and an organic
aluminum compound, but the polypropylene pre-
pared by this process is poor in syndiotacticity and
therefore it is scarcely considered that the thus
prepared polypropylene exerts its inherent syn-
diotactic characteristics.

On the contrary, a polypropylene having a
good tacticity, i.e., a syndiotactic pentad fraction of
more than 0.7 has been discovered for the first
time by J. A. Ewen et al. which can be obtained by
the use of a catalyst comprising a transition metal
compound having asymmetric ligands and an al-
uminoxane [J. Am. Chem. Soc., 110, 6255-6256
(1988)]. _

The present inventors have found that a poly(a-
olefin) having a syndiotactic structure can be like-
wise obtained by polymerizing another a-olefin by
the similar process.

The above-mentioned J. A. Ewen et al. method
is excellent, because the activity of the catalyst per
unit weight of the transition metal is good and the
tacticity of the obtained polymer is high. However,
in this method, it is required that the aluminoxane
is usually used in a ratio of 1000 mols or more per
mo! of the transition metal, and thus it cannot be
considered that the activity of the catalyst per unit
weight of the aluminoxane is sufficiently high. In
addition, since the aluminoxane is expensive, the
obtained syndiotactic polypropylene is also expen-
sive. The aluminoxane is difficult to be- removed
from the polymer, as compared with a usual alkyl
aluminum, and in case that it is necessary to
decrease the residue of the catalyst, the method
used for removing the alkyl aluminum is scarcely
applicable.

On the contrary, a method has been suggested
in which a polymer having good granular properties
is obtained in a high yield by (co)polymerizing an
a-olefin, particularly ethylene or ethylene and an-
other «-olefin by the use of a highly active catalyst
comprising a specific organic zirconium compound
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and a reaction mixture which comprises a reaction
mixture of an aluminoxane and a trialkylaluminum
and an inorganic compound having a surface
hydroxyl group (Japanese Patent Laid-open No.
61-276805). However, in the above-mentioned cata-
lyst, a molar ratio of trialkylaluminum to the al-
uminoxane is 1 or less, particularly from 0.1 to 0.5,
and the amount of the aluminoxane to the transition
metal compound is not decreased.

Furthermore, a (co)polymerization process of
an a-olefin has been suggested in which there is
used a catalyst comprising a transition metal com-
pound in the group Vb of the periodic table, 3
milligram atomfliter or less of an aluminoxane in
terms of an aluminum atom in a reaction system
and an organic aluminum compound having a hy-
drocarbon group other than an n-alkyl group
(Japanese Patent Laid-open No. 63-178108). How-
ever, this catalyst is only suitable for the prepara-
tion of a polymer not having steric regularity such
as a (co)polymer of ethylene or ethylene and a-
olefin, and it is necessary that the organic alu-
minum has the hydrocarbon group other than the
n-alky! group.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a method for preparing a poly(a-olefin) having a
high syndiotacticity with a high productivity by the
use of a catalyst containing a relatively smait
amount of an aluminoxane.

A method for preparing a syndiotactic poly(a-
olefin) of the present invention comprises poly-
merizing an a-olefin in the presence of a catalyst
consisting substantially of a transition metal com-
pound having asymmetric ligands, an aluminoxane
and a trialkylaluminum represented by the formula

1

R
al < R}
R}

(wherein R' is an alkyl group having 2 to 12 carbon
atoms), a molar ratio of the transition metal com-
pound having the asymmetric ligands to the al-
uminoxane being from 1:10 to 1:500. a molar ratio
of the transition metal compound to the trial-
kylaluminum being from 1:500 to 1:5000.

DESCRIPTION OF THE PREFERRED EMBODI-

MENTS _

A transition metal compound having asymmet-
ric ligands which is used in the present invention is
preferably represented by the formula
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A-__ X
P

l'z TIM

B~~~ X

(wherein A and B are mutually different cyclic
unsaturated hydrocarbon residues, R? is a hydro-
carbon residue having 1 to 20 carbon atorns or a
group containing silicon or germanium which con-
nects A with B, X is a halogen atom or a hydrocar-
bon residue having 1 to 20 carbon atoms, and M is
a metal atom selected from the group consisting of
titanium, zirconium and hafnium).

Examples of A and B include monocyclic and
polycyclic unsaturated hydrocarbon groups having
5 to 30 carbon atoms, and typical examples thereof
include a cyclopentadienyl group, cyclopentadienyl
groups in which a part or all of hydrogen atoms are
substituted by alkyl groups having 1 to 10 carbon
atoms (the terminal of this alkyl group may also be
bonded to the cyclopentadiene ring), polycyclic
aromatic hydrocarbon groups such as an indenyl
group and a fluorenyl group, and polycyclic ar-
omatic hydrocarbon groups in which a part or all of
hydrogen atoms are substituted by alkyl groups
having 1 to 10 carbon atoms.

Preferable examples of R? include a dialkyl-
methylene group, a dialkylsilyfene group and a
dialkylgerylene group, and for example, there can
be used compounds represented by (R*)2C<, (R*)-
2Si< and (R%)2Ge< (wherein R* is hydrogen or an
alkyl group having 1 to 20 carbon atoms, and the
two R*s may be identical or different and may be
mutually bonded), and an ethylene group repre-
sented by -C(R*)2-C(R*).- (wherein R* is as de-
fined above). Examples of X include fluorine, chlo-
rine, bromine, iodine, alkyl groups such as methyl,
ethyl, propy! and butyl, and an aromatic compound
such as a cyclopentadienyl group. In particular,
chlorine and the methyl group are preferable.

Typical examples of the above-mentioned tran-
sition metal compound include isopropylidene-
(cyclopentadienylfluorenyl)zirconium dichloride and
isopropylidene(cyclopentadieny!fluorenyhhafnium
dichloride mentioned in the above J. A. Ewen et al.
literature, and methylphenylene-
(cyclopentadienyliluorenyl)zirconium dichloride,
methylphenylmethylene(cyclopentadienylfluoenyl)-
hafnium dichloride, diphenylmethylene-
(cyclopentadienylfluorenyl)zirconium dichloride and
diphenylmethylene{cyciopentadienylfluorenyl)-
hafnium dichloride mentioned in EP 387690 and
EP 387691.

Examples of the aluminoxane include com-
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pounds represented by the formula

R3-(A10)5aL(R3)>
|
3

or

;Alloinﬂ
RrR3

{(wherein R3 is a hydrocarbon residue having 1 to 3
carbon atoms, and n is an integer of from 1 to 50).
The aluminoxane in which R3 is a methyl group
and n is an integer of 5 or more is particularly
preferable.

The usable trialkylaluminum is represented by
the formula

1
Al< 1}:1

(wherein R is an alkyl group having 2 to 12 carbon
atoms), and it may be mixed with another al-
kylaluminum. Typical examples of the trial-
kylaluminum include compounds of the above for-
mula in which R' is ethyl, propyl, butyl, pentyl,
hexyl, heptyl or octyl. This kind of alkyl group is
preferably a straight-chain group such as n-propyl,
n-butyl, n-pentyl, n-hexyl, n-heptyl or n-octyl. In the
present invention, trimethylaluminum is not prefer-
able.

The amount of the aluminoxane to be used is
from 10 to 500 mols, preferably 50 to 500 mols per
mol of the transition metal compound having asym-
metric ligands. When the amount of the aluminox-
ane is more than 500 mols per mol of the transition
metal compound, the decrease of the expensive
aluminoxane is insufficient, and when it is less than
10 mols, the activity of the catalyst is unpreferably
low. Most preferably, the amount of the aluminox-
ane is from 100 to 400 mols per mol of the
transition metal compound.

The amount of the alkylaluminum to be used is
preferably from 500 to 5000 mols per mol of the
transition metal compound. When the amount of
the alkylaluminum is less than 500 mols, the effect
of activity improvement is poor, and when it is
more than 5000 mols, any further effect cannot be
expected any more and the activity deteriorates
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unexpectedly in certain cases. Most preferably, the
amount of the alkylaluminum is from 1000 to 4000
mols per mol of the transition metal compound.

In the present invention, the a-olefin having 3
to 25 carbon atoms is preferable, and typical exam-
ples thereof include straight-chain «-olefins such as
propylene, butene-1, pentene-1, hexene-1,
heptene-1, octene-1, nonene-1, decene-1,
undecene-1, dodecene-1, tridecene-1, tetradecene-
1, pentadecene-1, hexadecene-1 and octadecene-
1, and branched a-olefins such as 3-methylbutene-
1, 4-methylpentene-1 and 4,4-dimethylpentene-1.
These a-olefins can be used singly or in a mixture
thereof, and they may be mixed with a small
amount of ethylene, when used.

No particular restriction is put on polymeriza-
tion conditions, and various polymerization tech-
niques are utilizable such as solvent polymerization
using an inert medium. bulk polymerization in
which there is substantially no inert medium, and
gas phase polymerization. Preferably, the polymer-
ization temperature is from -100 to 200" C and the
polymerisation pressure is from atmospheric pres-
sure to 100 kg/cm? (gauge). More preferably, the
temperature is from -100 to 100" C and the pres-
sure is from atmospheric pressure to 50 kg/cm?
(gauge).

In the thus obtained poly{a-olefin), an intrinsic
viscosity measured in a tetralin solution at 135" C
is usually from 0.05 to 10 di/g, and a ratio of the
weight average molecular weight to the number
average molecular weight of the polymer is usually
from 1.5 to 15. The intrinsic viscosity and the
molecular weight distribution can be adjusted to
desirable values in compliance with a purpose.

The syndiotactic poly(a-olefin) obtained in ac-
cordance with the method of the present invention
is excellent in balance between stiffness and im-
pact resistance and can provide molded products
having excellent transparency. Thus, this kind of
syndiotactic poly(a-olefin) is different from an
isotactic poly(a-olefin) in characteristics.

In the present invention, it is effective that
polymerization is carried out at a low temperature
of 100 C or less by the use of a catalyst contain-
ing a transition metal compound purified to a high
purity (90% or more) in order to further improve
the syndiotacticity of the obtained polymer, and it
is also effective that the obtained polymer is
washed with a hydrocarbon solvent.

Examples of the hydrocarbon solvent include
hydrocarbon compounds having 3 to 20 carbon
atoms, for example, saturated hydrocarbon com-
pounds such as propylene, propane, butane, pen-
tane, hexane, heptane, octane and nonans, ar-
omatic hydrocarbon compounds such as benzene,
toluene, xylene and ethylbenzene, and these com-
pounds in which a part of all of hydrogen atoms
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are substituted by fluorine, chlorine, bromine or
iodine. Examples of other usable solvents include
alcohols having 1 to 20 carbon atoms and ethers
and esters having 2 to 20 carbon atoms which can
dissolve or disperse a low-molecular atactic com-
ponent therein. No particular restriction-is put on a
washing manner, and the washing is usually carried
out at a temperature of from 0 to 100" C.

The present invention will be described in de-
tail in reference to examples and comparative ex-
amples. However, these examples intend to elu-
cidate the present invention, and they should not
be construed to be restrictive.

Example 1

1 mg of isopropyl(cyclopentadienyl-1-
fluorenyl)zirconium dichloride, 0.027 g [200 mols
per mol of isopropyl(cyclopentadienyl-1-fluorenyl)-
zirconium  dichloride] of methylaluminoxane
(polymerization degree 16.2) made by Toso Akzo
Co., Ltd and 0.67 g [2000 mols per mol of
(cyclopentadienyl-1-fluorenyi)zirconium dichloride}
of triethylaluminum were dissolved in 50 ml of
toluene, and the mixture was then placed in an
autoclave. This isopropyl(cyclopentadienyl-1-
flugrenyl)zirconium dichloride was obtained by con-
verting, into a lithium salt,
isopropylcyclopentadienyl-1-fluorene synthesized in
an ordinary manner, and then reacting the same
with zirconium tetrachloride. Afterward, 1.5 kg of
propylene was put in the autoclave, and tempera-
ture was elevated and polymerization was then
carried out at 50° C for 2 hours.

After the polymerization, unreacted propylene
was purged, and the resultant powder was taken
out, dried and then weighed, whereby 210 g of a
polypropylene was obtained.

According to **C-NMR, the syndiotactic pentad
fraction of this polypropylene was 0.84, and an
intrinsic viscosity (hereinafter referred to as "3")
measured in a tefralin solution at 135" C was 0.86.
Furthermore, a ratio of the weight average molecu-
lar weight to the number average molecular weight
(hereinafter referred to as "Mw/Mn") of the polymer
measured in 1,2,4-trichlorobenzene was 2.3.

Comparative Example 1

The same procedure as in Example 1 was
effected except that no triethylaluminum was used
in polymerization, and as a result, 5.1 g of a
syndiotactic polypropylene was merely obtained.
Furthermore, according to '3C-NMR, the syndiotac-
tic pentad fraction of this polypropylene was 0.62,
its n was 0.94, and its Mw/Mn was 2.7.

Comparative Example 2
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The same procedure as in Example 1 was
effected except that polymerization was carried out
using 027 g of methylaluminoxane without
triethylaluminum, and as a result, 315 g of a poly-
propylene was obtained.

In the thus obtained polypropylene, a syn-
diotactic pentad fraction of was 0.85, » was 1.09,
and Mw/Mn was 2.1.

Exampie g

The same procedure as in Example 1 was
effected except that triethylaluminum was replaced
with triisobutylaluminum, thereby obtaining 285 g
of a polypropylene. In the thus obtained poly-
propylene, a syndiotactic pentad fraction was 0.84,
n was 1.19, and Mw/Mn was 2.2

Example §

The same procedure as in Example 2 was
effected except that triiscbutylaluminum was re-
placed with tri-n-butylaluminum, thereby obtaining
362 g of a polypropylene. In this polypropylene, a
syndiotactic pentad fraction was 0.86, n was 1.15,
and Mw/Mn was 2.1.

Comparative Exampie §

The same procedure as in Example 2 was
effected except that triisobutylaluminum was re-
placed with trimethylaluminum, but in this case, a
polymer was scarcely obtained.

Example g

The same procedure as in Example 1 was
effected except that amounts of triethylaluminum
were 550 mols, 1000 mols, 3000 mois, 4000 mols
and 5000 mols, and polypropylenes were obtained
in amounts of 10 g (syndiotactic pentad fraction
was 082, and n was 1.08), 15 g (syndiotactic
pentad fraction was 0.81, and n was 1.12), 205 g
(syndiotactic pentad fraction was 0.85, and n was
1.02), 195 g (syndiotactic pentad fraction was 0.83,
and 7 was 0.92), and 200 g (syndiotactic pentad
fraction was 0.84, and n was 0.88), respectively.

Comparative Example 4

The same procedure as in Exampie 3 was
effected except that the amount of triethylaluminum
was 450 mois, thereby obtaining 8 g of a poly-
propyiene in which a syndiotactic pentad fraction
was 0.65 and 4 was 0.92.

Example §
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The same procedure as in Example 1 was
effected except that amounts of methylaluminoxane
were 10 mols, 50 mols, 100 mols, 400 mols and
450 mols, so that polymers were obtained in
amounts of 11 g, 30 g, 150 g, 230 g and 215 g,
respectively. These polymers had syndiotactic pen-
tad fractions of 0.80, 0.80, 0.81, 0.83 and 0.84,
respectively as well as 5s of 1.02, 1.08, 1.01, 0.93
and 0.89, respactively.

Comparative Example 5

The same procedure as in Example 4 was
effacted except that the amount of methylaluminox-
ane was 5 mols, but in this case, a polymer was
scarcely obtained.

Example 6

The same procedure as in Example 1 was
effected except that propylene was replaced with
4-methylpentene-1 and octene-1, obtaining 1.2 g of
poly(4-methylpentene-1) and 2.8 g of poly(octene-
1). These polymers had 3s of 0.21 and 0.23, re-
spectively. According to '*C-NMR, it was confirmed
that each of these polymers had a syndiotactic
structure. -

Example 7

The same procedure as in Example 1 was
effected except that in place of propylene, pro-
pvlene and butene-1 were copolymerized in a
weight ratio of 85:15, thereby obtaining 115 g of a
copolymer. In this copolymer, the content of pro-
pylene units was 91% by weight and » was 1.05.
Furthermore, a ratio of a peak intensity observed at
20.2 ppm in accordance with '3G-NMR to the total
peak intensity attributed to the methyl groups of
propylene was 0.68.

According to the method of the present inven-
tion, a poly(a-olefin) having a high tacticity can be
prepared in a high yleld per unit wseight of a
transition metal of a catalyst system by the use of
a catalyst which permits decreasing the amount of
an expensive aluminoxane to be used.

Claims

1. A method for preparing (co)polymer of an a-
olefin having a syndiotactic structure which
comprises the step of polymerizing said a-
olefin in the presence of a catalyst consisting
substantially of a transition metal compound
having asymmetric ligands, an aluminoxane
and an alkylalumin represented by the formula
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-
A1<EER1
R

(whersin R is an alkyl group having 2 to 12
carbon atoms), a molar ratio of said transition
metal compound having the asymmetric
ligands to said aluminoxane being from 1:10 to
1:500, a molar ratio of said transition metai
compound having the asymmetric ligands to
said alkylaluminum being from 1:500 to
1:5000.

The method according to Claim 1 wherein said
molar ratio of said transition metal compound
having the asymmestric ligands to said al-
uminoxane is from 1:50 to 1:500.

The method according to Claim 1 whersin said
molar ratio of said transition metal compound
having the asymmetric ligands to said al-
uminoxane is from 1:100 to 1:400.

The method according to Claim 1 wherein said
transition metal compound having the asym-
metric ligands is a compound represented by
the formula

?--\_ X
| Ilzz I
B~ X

(wherein A and B are mutually different cyclic
unsaturated hydrocarbon residues, R? is a hy-
drocarbon residue having 1 to 20 carbon
atoms or a group containing sificon or germa-
nium which connects A with B, X is a halogen
atom or a hydrocarbon residue having 1 to 20
carbon atoms, and M is a metal atom selected
from the group consisting of titanium, zirco-
nium and hafnium). '

The method according to Claim 1 wherein said
aluminoxane is a compound represented by
the formula

rR3-(A10)5A1(R3) 5

|
RrR3
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or

EAlO ; n+1

R3

(wherein R? is a hydrocarbon residue having 1
to 3 carbon atoms, and n is an integer of from
1 to 50).

The method according to Claim 1 wherein the
alkyl group of said trialkylaluminum is a
straight-chain or a branched alkyl group.

The method according to Claim 1 wherein said
a-olefin is cne of straight-chain and branched
a-olefins having 3 to 25 carbon atoms, a mix-
ture thereof, or a mixture of them and eth-
ylene.
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